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The coupling of single-particle motion and of vibrations in "Be produces dressed neutrons which 
spend only a fraction of the time in pure single-particle states, and which weighting differently from 
the bare neutrons, lead to parity inversion. The interaction of the two least bound neutrons in the 
ground state of i'^Be mediated by the Vi4 Argonne nucleon-nucleon potential and by the exchange 
of the phonon cloud, give rise to a strongly correlated state, where the neutrons spend more than 
half of the time in (s^+d^)-configurations, resulting in a breaking of the N — 8 shell closure. 
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The properties of hnite many-body systems are 
strongly influenced by spatial quantization 1] leading to 
marked shell structures 0- This type of quantal size 
effects are, on the other hand, renormalized in an impor- 
tant way by zero point fluctuations 0, Q ■ The smaller 
the system is, the largest the surface/volume ratio is and 
the strongest these effects may become. In particular, 
the interweaving of single-particle motion and of collec- 
tive vibrations of the surface of atomic nuclei can lead 
to state dependent effective masses which, for light sys- 
tems can even invert the sequence of particular levels, 
thus altering the magic numbers associated with closed 
shell. While the standard parametrization of the single- 
particle potential ^] indicates the states Opi/2 and lsi/2 
to be the last bound and the first unbound orbitals of 
the system with Z = 4 and N = 7 nucleons, 4^667 dis- 
plays parity inversion with respect to this sequence of 
single particle levels. In fact, the two bound states of this 
system have quantum numbers (binding energy )l/2"^ (- 
0.5 MeV) and 1/2" (-0.18 MeV) respectively The 
associated spectroscopic factors measured in the knock- 
out reaction '^^Be{^Be,^Be+n+jy^Be are 0.42±0.06 and 
0.37±0.06 respectively |^, indicating that = 8 is not 
a good magic number in the case of the neutron rich nu- 
cleus ^^Be, as it was not in the case of ^^Li either. In 
connection with this discussion, cf. also ■ 

Making use of the fact that the effective mass (w-mass) 
rriui = m(l -|- A) @ arising from the coupling to the col- 
lective vibrations of the system as measured by the mass 
enhancement factor A, is closely connected with the as- 
sociated spectroscopic factor = m/m^ = (1-1- A)~^ of 
levels close to the Fermi energy, and of the experimen- 
tal finding quoted above (Z^ ~ 0.3 — 0.5) one estimates 
A « 1.2. Making use of this value, the two-particle sep- 
aration energy associated to the least bound neutron of 
^^Be is expected to be « —Awe (strong couphng limit 
of the Cooper pair solution P|), where loc is a typical 
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energy of vibrational modes, (« 3.37 MeV, quadrupole 
vibration in ^°Be ^3)- Consequently W ~ — 4MeV, a 
value which agrees pretty well with the experimental find- 
ing (S'2,1 = —3.7 MeV [ijl). From these simple estimates, 
one expects the renormalization effects of the nucleon- 
nucleon interaction (induced interaction) of the two least 
bound neutrons moving around the core ^°Be due to the 
particle- vibration phenomenon, to be conspicuous. 

In what follows we shall study the nuclei I^Bey and 
4 Bes, within the framework of nuclear field theory 
(NFT) m El El [H E 113: allowing the nucleons 
to interact th roug h a nucleon-nucleon realistic potential 
(Argonne vu [13) taking also into account the coupling 
between single-particle motion and collective vibrations 
of the system. Special emphasis will be set, in the present 
case, in the NFT calculation of the spectroscopic factors 
of ^^Be which, together with the the ground state occu- 
pation probabilities of the two-particle configurations s^, 
and (P, provide the most sensitive predictions for a 
detailed comparison with the experimental findings. 

We start by considering the system 4^ Bey described as 
one neutron moving around the core \'^Bee, in keeping 
with the fact that the value of the neutron separation 
energy in ^°Be is 6.813 MeV as compared with the value 
of 0.504 MeV in "Be ([ll|). The single-particle levels 
are determined by solving the Schrodinger equation 
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in a spherical box of radius equal to 30 fm so as to dis- 
cretized the continuum states. The quantity nik is the 
fc-mass while U'{r) = {m/mk)U{r), U{r) being a Saxon- 
Woods potential with a standard parameterization for 
the depth 
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In keeping with the fact that the fc-mass is directly 
connected with non-locality effects (mainly exchange ef- 
fects associated with the Fock potential), it is expected 
to strongly depend on the density of the system In 
the case of nuclei along the stability valley w 0.7m, 
while in the case of halo nuclei like ^^Be, one expects 
0.8m < uik < m. Calculations using both of the limiting 
values of uik were carried out, with rather similar results, 
as explained below. 

Making use of the associated particle-hole basis and of 
a separable multipole-multipole interaction, the L'^ — 2+ 
and 3~ vibrations were calculated in the random phase 
approximation (RPA). A self-consistent coupling con- 
stant fci 0, slightly adjusted to reproduce the energy 
of quadrupole vibrations, was used. This is possible for 
both nik/rn = 1 and mk/m = 0.8 in keeping with the fact 
that fci is proportional to the density weighted matrix el- 
ement of dU' /dr, a value which scales with {m/mk) (cf. 
Eq.Q). The range of the associated deformation param- 
eters /?!, is consistent with observation p^Ugf. 

The interweaving of single-particle motion and of col- 
lective degrees of freedom arising from the particle- 
vibration Hamiltonian and from the bare nucleon-nucleon 
interaction W14 has been treated within the framework 
of the NFT making use of Bloch-Horowitz perturbation 
theory 0, The eigenvalues of the dressed single- 

particle states were obtained by diagonalizing (energy 
dependent) matrices of the order 10^ x 10^ whose el- 
ements connect a basis of unperturbed states containing 
both bound and continuum solutions of Eq. ^ with en- 
ergies up to 350 MeV, with states containing a particle 
and a vibration (Fig. (^)) as well as two particles and a 
hole plus a collective mode (Fig. (^)). The calculation 
were carried out for states with quantum number S1/2, 
Pi/2 and d5/2. Similar results were obtained making use 
of the unperturbed single-particle basis calculated solv- 
ing Eq. with mk/m—1 and mfc/m=0.8, as the larger 
(absolute) values of the energies ej are compensated by 
the stronger particel-vibration coupling vertices propor- 
tional to Pl and to dU' /dr. In what follows we shall refer 
to the results obtained with mk/m=l, results which are 
displayed in Table in comparison with the experimen- 
tal findings. Theory provides an overall account of the 
experimental findings, also concerning the spectroscopic 
factors associated with the reaction ^°Be(d,p)^^Be plj . 
The way these quantities were calculated are discussed 
below in connection with a similar calculation carried out 
in connection with the reaction ^■^Be(^Be,^Be+n+7)^^Be 

The self-energy processes used to describe the dressed 
single-particle states of ^^Be which eventually accounted 
for the parity inversion experimentally observed, have 
been included in the description of the ground state of 
^^Be as it can be seen from Fig. |21 which shows the ef- 
fective matrix to be diagonalized in order to describe the 
ground-state properties of the correlated three body sys- 
tem ^^Be. The Hilbert space used to describe ^^Be is 
made out of two particle states (cf. Fig. |2Ia)), two par- 
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FIG. 1: Schematic representation of the effective matrix used 
in the Bloch-Horowitz perturbation theory to calculate the 
eigenvalues of ^^Be. An arrowed line pointing upwards (down- 
wards) indicate a particle (hole) , while a wavy line indicate a 
collective vibrational state 




FIG. 2: Schematic representation of the effective matrix used 
in the Bloch-Horowitz perturbation theory to calculate the 
eigenvalues of ^^Be. The dashed horizontal line represent the 
bare nucleon-nucleon potential. Pairs of nucleons are coupled 
to angular momentum L = 0. 



tides and one phonon (Fig. [2Ib)-|-Fig. [2Jd)), and three 
particles-one hole and one phonon states (Fig. [2Ic)). All 
these configurations are coupled to zero angular momen- 
tum and display energies up to 500 MeV. The effects of 
Vi4 and of the particle- vibration coupling in ^^Be are cal- 
culated by diagonalizing the effective, energy dependent 
(w 10"^ X 10'^) matrix built on a basis of two particles cou- 
pled to zero angular momentum. The lowest eigenvalue 
-3.58 MeV is to be compared with the experimental two 
particle separation energy of -3.67 MeV. The main con- 
tribution to the nucleon-nucleon interaction arises from 
the induced interaction (Fig. Efd)), that associated with 
the bare nucleon-nucleon potential (cf. Fig. |2Ia)) being 
very small. This result is associated with the fact that, in 
^^Be, the single-particle states allowed to the valence neu- 
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Exper. 


particle- vibration 


mean field 






-0.504 MeV 


-0.48 MeV 


~ 0.14 MeV 






-0.18 MeV 


-0.27 MeV 


-3.12 MeV 


1 1 T~i 






~ MeV 


~ 0.7 MeV 




S[l/2+] 


0.73 ±0.06 


0.76 







S[l/2-] 


0.63±0.15 


0.79 


1 




S2n 


-3.673 MeV 


-3.58 MeV 


-6.24 MeV 


fBes 






23%, 29%, 48% 


0%,100%,0% 




S[l/2+] 


0.42±0.10 


0.27 







S[l/2-] 


0.37±0.10 


0.32 


1 



TABLE I: Comparison of experimental binding energy and 
spectroscopic factors with those resulting from our calculation 
and from an independent particle model. The spectroscopic 
factors are those for the transfer of one particle on Si/2 and 
Pi/2 states and they are measured for ^^Be and ^^Be in [21] 
and [6] respectively. For ^^Be, we also show the components 
of the resulting ground state wave function. 
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Requiring that J^u^u = 1' one obtains N(^^Be)=0A7. 
The fact that N is smaller than one, and consequently 
that the amplitudes are larger than unity, is associated 
with the non-hermitian character of the effective Hamil- 
tonian used in the calculations. This property is a conse- 



trons to correlate are essentially the Si/2, Pi/2 and 6.5/2 
orbits. Consequently the two neutrons are not able, in 
this low-angular momentum phase space, to profit from 
the pairing contribution of the bare interaction which is 
connected with the high components of the associated 
multipole expansion. 

The squared amplitude of the ^^Be ground state wave- 
function are shown in table The large <il/2{0)- 
amplitude predicted for the ^^Be ground state (cf. also 
m) as compared to that calculated in the case of ^^Li 
|22| can be understood in terms of the fact that the ds /2 
orbital is, in ^"Li much less confined than in ^^Be, thus 
displaying much smaller overlaps with the lsi/2 and Opi/2 
orbitals. Furthermore to the fact that in ^^Li the dipole 
mode is much softer than in ^^Be Using this wave 
function and those obtained for the ground state and the 
first excited state of ^^Be, we have calculated the spec- 
troscopic factors associated to the knock-out of a single 
nucleon. In particular, a nucleon with quantum number 

5[l/2-] = |("Be|ai,,,Ji2Be)p = |ri/2-p. 

In order to do this, used is made of the eigenvectors of 
the effective matrix associated with the lowest excited 
state of ^^Be and with the ground state of ^^Be. We 
will indicate the former with (the index p indicating 
the pi/2 single-particle states of the basis) and the latter 
with (the index ii indicating that the corresponding 
basis state contains a pair of particles moving in the level 
i). The components and are related to the physical 
amphtudes and S^u through the relations (cf. e.g. [1^) 

= |p/v/A^("Be), = ^^ I TiVpB^, 

where 7V(^^Be) and Af(^^Be) are the normalization fac- 
tors for ^^Be and ^^Be respectively. In terms of Feynman 
diagrams A^(^^Be) is given by 




quence of the overcompleteness of the basis used in NFT 
(containing both single-particle and collective degrees of 
freedom) as well as of the presence of Pauli principle vio- 
lating components. The calculation of the normalization 
factor Af(^^Be) carried out using a Feynman diagram ex- 



pansion similar to that used for ^^Be leads to a value of value of T1/2- is obtained through the evalutation of 
0.48. By using the physical amplitudes and the 
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(0.01) 



(0.01) 
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(-1.59) 



By summing up the different contributions to T 
(bracket numbers) one obtains the spectroscopic factor 
\Ti/2-\'^~0.32. The same technique has been used to 
obtain |ri/2+p=0.27 (cf. Table I). The calculation of 
the spectroscopic factors associated with the reaction 
i'^Be(d,p)"Be displayed in Table |l| was carried out fol- 
lowing the same scheme. 

We conclude that the main nuclear structure proper- 
ties of both ^^Be and ^^Be may be understood in terms 
of the self-energy and induced interaction processes as- 



sociated with the polarization of the nuclear medium. 
The similarity of NFT results with those of large shell 
model calculations reported in ref. for ^^Be and in ref. 
[2^ for ^'^Be, indicate that a proper treatment of single- 
particle and of collective degrees of freedom and of their 
interweaving provide an essentially complete description 
of the nuclear structure of these nuclei as was already 
found in the case of nuclei lying along the stability val- 
ley. 
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